We construct a set of non-rational conformal field theories that consist of deformations of Toda field theory for sl(n). In addition to preserving conformal invariance, the theories may still exhibit a remnant infinite-dimensional affine symmetry. The case n = 3 is used to illustrate this phenomenon, together with further deformations that yield enhanced KacMoody symmetry algebras. For generic n we compute N -point correlation functions on the Riemann sphere and show that these can be expressed in terms of sl(n) Toda field theory ((N − 2)n + 2)-point correlation functions.
Introduction
In the last years, the interest on two-dimensional conformal field theories (CFT) with W n symmetry has been renewed, mainly because of two reasons: On the one hand, W n algebra has been identified as the charge algebra associated to the asymptotic symmetries of spin-n theories in three-dimensional Anti-de Sitter spacetime [1, 2] , generalizing the spin-2 result of Brown and Henneaux [3] . On the other hand, it has been observed in [4] that conformal blocks of sl(n) Toda conformal field theory, the archetypical example of a theory with W n symmetry, codify the information of the partition function of N = 2 four-dimensional superconformal quiver theories for the gauge group SU(n), generalizing the Alday-Gaiotto-Tachikawa (AGT) correspondence [5] to the case n ≥ 2. Here, we will study the sl(n) Toda field theory (TFT) from a different perspective: We will consider TFT as a generating functional of N-point correlation functions of a plethora of new non-rational conformal field theories that are defined ipso facto. This is in the line of the so-called H argued to generate the n-point correlation functions of a new family of non-rational conformal field theories [16] . This family of CFTs is parameterized by m, which enters in the central charge as c = 3 + 6(b + (1 − m)/b) 2 , with the Liouville central charge being c L = 1 + 6(b + 1/b) 2 . The consistency of these theories was later studied in Refs. [17, 18, 19] , where correlation functions on different surfaces were computed. It is possible to speculate that such CFTs actually exist even for other real non-integer values m, where the Liouville correlators do not necessarily involve degenerate representations.
Another natural question that has been addressed in the literature is whether an extension of the H + 3 WZW-Liouville correspondence is possible for higher rank algebras. That is, whether a relation of this sort also exists between, say, the SL(n, R) WZW theory and the sl(n) Toda theory, which would extend the results of [6, 13] to the case n ≥ 2. This problem has been explored in Ref. [20] for the case n = 3, where such a correspondence has been observed to emerge in the highly quantum limit k → 3, where the WZW level equals the Coxeter number of the sl(3) algebra. In the recent paper [21] , a more general correspondence for cases n ≥ 3 was achieved by considering particular sl(2) embeddings in (super)algebras.
Here, aimed at investigating whether a generalization of the construction of [16] to higher rank is possible, we will propose a larger family of non-rational CFTs whose N-point correlation functions are given by a subset of (N + (N − 2)r)-point correlation functions of sl(n) Toda field theories, with r = n − 1 being the rank of sl(n). These new CFTs are parameterized by a collection of n − 1 real numbers {m 1 , m 2 , ... m n−1 }. They correspond to deformations of Toda field theories that, while preserve confomal invariance, seem to break the W n symmetry. We will see, however, that the CFTs constructed through this procedure may also preserve a larger symmetry, generated by an affine extension of a proper subalgebra of the Borel subalgebra of the affine Kac-Moodyŝl(n) k . The case n = 3 is analyzed explicitly to illustrate such remnant infinite-dimensional symmetry in relation to the symmetries of the sl(3) WZW model. We will present a Lagrangian representation of these new non-rational CFTs, which is the natural generalization of the Lagrangian proposed in [16] for n = 2, here involving interaction operators between the n − 1 scalar fields associated to the simple roots of sl(n) and n − 1 copies of the β-γ ghost system. In the case n = 2 the theories coincide with those defined in Ref. [16] ; that is, for n = 2 and m 1 = 1 it corresponds to the H it reduces to Liouville theory. In general, the undeformed case m i = 0 with i = 1, 2, ... n − 1 for arbitrary n it corresponds to sl(n) TFT.
The paper is organized as follows: In section 2, we briefly review the theory of Toda for the Lie algebra sl(n). In section 3, we propose the Lagrangian representation of a family of CFTs which consist of deformations of TFT Lagrangian. This is a generalization of the theories proposed in [16] to the case n > 2. We compute the correlation functions for these theories in the path integral approach, following the techniques developed in [8] adapted to this case. We show that these correlation functions are determined in terms of those of TFT. We also derive an integral representation for the N-point functions in the Coulomb gas formalism. In section 4, we study the remnant affine symmetry that the deformed TFTs exhibit. We consider the case of sl(3) to illustrate the details of such symmetry. We discuss the relation between the deformation of the sl(3) TFT and the sl(3) WZW model, which leads to suggest other deformations of the former. Section 5 contains our conclusions.
Toda conformal field theory
The sl(n) TFT is a conformal field theory whose degrees of freedom are represented by n − 1 bosons living in the (n − 1)-dimensional root space of sl(n) Lie algebra; see for instance Refs. [22, 23, 24, 25, 26] . There are n − 1 simple roots e 1 , e 2 , ..., e n−1 in this Lie algebra and its Cartan matrix is given by
defined as deformation of Toda field theories, it is probable that, at least in some particular cases, the theory can be render unitary provided one considers some restriction of the Hilbert space. This is the case, for instance, of the SL(2, R) WZW model, which represents a unitary theory when one restricts the isospin j of the discrete representations.
This defines the inner product (., .). That is to say, this defines the bilinear form K i j = (e i , e j )
with K i i+1 = K i+1 i = −1, K i i = 2, and 0 otherwise in the basis above. The n − 1 fundamental weights ω i are defined in such a way they span dual roots, i.e. (ω i , e j ) = δ ij .
The Lagrangian of the sl(n) Toda CFT is
where b is an arbitrary (real) parameter, and the background charge is
where ρ is the Weyl vector; that is, ρ is the half-sum of all positive roots. Normalization of the action is such that the free field propagator of the fields are
with k, ℓ = 1, 2, ... n − 1.
For every integer value n, action (2) defines a different theory. The case n = 2 corresponds to Liouville field theory; in such case there is just one simple root e 1 = √ 2 and just one highest weight ω 1 = 1/ √ 2. Liouville field theory is a conformal field theory with central charge
. For n > 2 the theory contains n − 1 fields of the Liouville type interacting each other by specific couplings that are given by the sl(n) structure. The resulting theory, the sl(n) TFT, is also conformal invariant and its central charge is given by
where
. These theories present spin-n symmetry, represented by n − 1 holomorphic and n − 1 antiholomorphic conserved currents. These generate the W n ⊕W n algebra, which contains Virasoro as a subalgebra (see (7)-(9) below). Let us denote such currents by W s (z) andW s (z) with s = 1, 2, 3, ... n. The index s labels the spin of the current. These admit a representation in terms of Miura transformation [24] n−1
where the vectors ̺ k are the weights of the first fundamental representation of the Lie algebra sl(n) with the highest weight ω 1 , namely ̺ k = ω 1 − e 1 − e 2 − ... e k−1 .
The first and second currents are taken to be W 0 = 1 and W 1 = 0; the third one is the first nontrivial one and corresponds to the energy-momentum tensor
while W 3 (z) is the generator of the Zamolodchikov algebra [29] . It is customary to write these algebras (and their n > 3 generalization) in terms of the modes of the currents, which are defined by the expansion
In terms of the modes, and in the case n = 3, in addition to the Virasoro algebra
the algebra includes the Lie products
and
where the quadratic piece in (11) is given by the normal ordered product
with t n = n 2 − 4 for n even, and t n = n 2 + 2n − 15 for n odd. As usual, the normal order is defined as :
, with θ(x) = R<x dyδ(y) being the Heaviside step function with θ(0) = 1/2. The OPE that realizes the W 3 algebra (9)-(11) takes the form
with
The basic objects in the construction of conformal TFT are exponential fields parameterized
which are in correspondence with primary states of the theory |α = lim z→0 V T α (z)|0 . The operator product expansion (OPE) between the currents and these primary fields read
where the ellipses stand for terms that vanish when w → z. In particular, it yields
. From this, we obtain the conformal dimension
The OPE with the W 3 (z) current reads
where h The N-point correlation functions in TFT on the Riemann sphere are defined by
Dϕ a e
where the fields in the functional integral are defined on CP 1 \ {z 1 , z 2 , ... z N }. In the next section, we will propose a definition of a set of two-dimensional CFTs whose correlation functions can be expressed in terms of TFT correlation functions (19) . Proving such correspondence between observables in the case of sl (2) can be assisted by the modular differential equations that correlators that involve degenerate representations obey. In the case of TFT for sl(n > 2), the structure of degenerate and semi-degenerate is less restrictive [20, 22, 23, 24, 25] . Because of that, and because we are interested in defining the theories for generic values of the parameters m i , in this paper we will resort to the path integral approach, following the techniques of reference [8] . We will also derive an integral representation for the N-point functions resorting to the free field approach.
3 Deformations of Toda field theory
Lagrangian representation
Generalizing sl(n) conformal Toda theories, and generalizing at the same time the family of theories presented in [16] , here we will consider the theories defined by the following actions
which, apart from the (n − 1)-component boson field φ = (φ 1 , φ 2 , ... φ n−1 ) multiplied with the sl(n) based inner product, includes n−1 copies of the commutative β-γ ghost system of conformal weight (1, 0). The definition of the theory also requires the specification of n−1 (real) parameters m k , k = 1, 2, ... n − 1, and the parameter b. For each collection {m k } = {m 1 , m 2 , ... m n−1 } one obtains a different 2 CFT, which is a deformation of TFT. The background charge depends on these parameters m k ; it is given by
where Q T is the Toda background charge (3). The specific value (21) is such that the interaction terms in (20) are marginal. This value for the background charge yields the central charge
This can be obtained from the OPE
with the stress tensor being
From this one can also verify that the operators β We will refer to the CFTs defined by action (20) as m-deformed CFTs. As said in the introduction, these theories are the natural generalization of the Lagrangian proposed by Ribault in Ref. [16] . In fact, in the case n = 2 with m 1 = 1 the theory corresponds to the level
SL(2, R) WZW model, while for n = 2 and m 1 = 0 it reduces to Liouville theory. In general, the undeformed case m k = 0 for all k = 1, 2, ... n − 1 for arbitrary n corresponds to sl(n) TFT.
We consider primary states defined by vertex operators that are exponential functions of the fields; namely
where we define
.. p n−1 } being complex variables, and where N is a normalization factor, that, in principle, can depend on the momenta {p 1 , p 2 , ... p n−1 } and α, and on the parameters of the theory {m 1 , m 2 , ... m n−1 } and b.
Correlation functions: Path integral
The quantities we are interested to compute are the N-point correlation functions
where our notation is such that the symbol {p The first step in computing (25) is dealing with the ghost system: The integration over the fields γ k andγ k produces a product of n − 1 double δ-functions
which set the conditions
for each k.
These 2(n − 1) equations have solution only if the sum of the momenta {p k } ν vanishes. More precisely, being meromorphic on the Riemann sphere, the sum of the residues of β k (z) vanishes, and therefore
In order to write the β k (z) in terms of its residues {p
2 (z) and integrate. Since β k (z) are 1-differentials, the general solution can be written as a rational function; namely
with P k (z, {y a } k ) being n−1 polynomials of degree N −2 in z, and Q(z, {z} µ ) being a polynomial of degree N in z. In fact, for a meromorphic 1-differential β k (z) on the Riemann sphere, the difference between the amount of its poles {y a } k (a = 1, 2, ... ) and the amount of its zeroes {z µ } (µ = 1, 2, ... ) is 2. Therefore, these polynomials have the form
From this, using (28) it is easy to show that
This follows from multiplying (28) by Q(z, {z ν }) to obtain an identity between polynomials and then matching the coefficients of powers of z. More precisely, one finds
which yields
It is easy to keep track of the dependence on κ k . This is gathered by an overall fac-
This can be seen by shifting the fields as φ → φ − n−1 k=1
Then, we can omit the explicit dependence on κ k and restore it in the final result (50).
By evaluating the residues, one finds
Taking all this into account, the δ-function (26) can be replaced by
provided the determinant factor det 1−n is trivial on the sphere (with = ∂∂). Then, one can integrate over β k andβ k to obtain
with the effective action
which depends on the N inserting points {z µ } and the (n − 1)(N − 2) variables {y k a }, although the latter are determined by the (n − 1)N algebraic equations (33) with the n − 1 constraints (28).
For further purpose, in order to achieve a regularization of divergence coming from coincident points in the path integral, it is convenient to write the action in the conformal frame ds 2 = e 2σ dz dz which yield (1/4) √ gR = −2 σ. This will enable us to regularize the propagator φ(z)φ(w) in the limit z → w.
As previously said, the normalization of the vertices N in (24) can in principle depend on the momenta {p 1 , p 2 , ... p n−1 } and α. For instance, the natural generalization of the normalization considered in [16] to the sl(n ≥ 2) case would be
which, after δ-function evaluation and considering (33) , would produce in (35) a factor
accompanying the N vertices. On the other hand, a convenient normalization also seems to be demanding N ν not to depend on the momenta at all. In order to consider a more general case that, in particular, includes (37), we might consider
This would affect the final result only in the exponent of the factor that we call Θ in (47) below.
In order to absorb the factors |P k (z, {y a } k )/Q(z, {z} µ )| 2m k in the terms in the effective action (36) , it is convenient to shift the scalar field φ -which actually is a vector in the space generated by the simple roots {e ℓ } (ℓ = 1, 2, ...n − 1) -by defining the new field ϕ
That is
Indeed, this produces the rescaling in the exponential potential terms, yielding
which cancels the factors |P k (z, {y a } k )/Q(z, {z} µ )| 2m k . It also produces the rescaling
where the divergences coming from coincident points is regularized by defining the finite part of lim zµ→zν log |z µ − z ν | 2 absorbing the divergence in the exponent of the conformal factor −2σ, [30] .
Let us consider the normalization (37), corresponding to t = 0.
Definition (40) also produces a shifting in the kinetic term; namely
Considering again the regularization of coincident points, and replacing the last equation into the effective action (36), one obtains the following contributions in the correlation function:
From the first two terms (44), one obtains
From the third term, and taking into account (1/4) √ gR = −2 σ, one observes that the background charge term in the action gets shifted as
after a proper regularization of coincident insertions, yields the factor
Notice that this contribution corresponds exactly to the correlator of exponential vertices of a free boson χ with a background charge [31] ; namely
and where q ℓ = m ℓ ω ℓ /( √ 2b), Wick contracted the free field propagator χ(z)χ(w) = −(1/2) log(z− w). The value of the background charge Q χ associated to the field χ(z) can be read from the conservation law that would follow from the integration over the zero-mode χ . This yields the result Q χ = δQ.
Therefore, we finally arrive to the conclusion that the N-point correlation functions (25) take the form
where 
Correlation functions: Coulomb gas
Lagrangian representation (20) enables us to compute correlation functions in the so-called
Coulomb gas approach and thus provide an integral representation of N-point correlation functions. This amounts to consider the expectation values (25) and first integrate over the zeromodes of the fields φ k . This yields
where {w k r } = {w 
and where the expectation value ... free is defined in terms of the free action
The dependence on {m k } is through the number of integrals to be performed, and it is given by
This equation, as well as the Γ(−s l ) factors above, comes from the δ-functions arising in the integration over the zero-modes φ k , what selects in the path integral the terms satisfying the
The integrals are over the complex hyperplane C 
where K ij = (e i , e j ) has been used. In the cases in which for some value of k it happens that p k = 0 = m k , then a similar representation exists, although the combinatorics when performing the Wick contraction is more involved because of the β-γ systems, which in particular yield
.. This is similar to the contraction between string theory tachyon and graviton vertices. The Wick contraction for these operators in the case n = 2 is discussed in [8] . The same can be applied here. For instance, in the case of the 2-point function the Wick contraction of the holomorphic piece of the β-γ system yields a factor
where the ellipses represent contributions with less w's factors. Using (28), one observes that, eventually, only a contribution proportional to
survives. This produces an additional shift in the exponent in the last factor of (55).
Integral representation (55), which is similar to the one that originally appears in the context of Minimal Models [32] , can be solved in some very special cases using the techniques of Refs. [22, 23] . This yields closed expressions for reflection coefficients, structure constants, and spherical partition function in several CFTs, including non-rational ones [33] . Specially in the latter case, an analytic continuation is required as the expression (55) only makes sense for s k ∈ Z ≥0 . Such extension for values s k ∈ C has been successfully carried out in diverse examples, including non-compact timelike CFTs [34] .
Notice that, even when the integral representation (55) looks very similar to the one that would appear in the analogous computation for TFT, the integrals appearing in both cases are not exactly the same, one of the differences being the amount of integrations to be performed:
While for the m-deformed theory one finds (53), the analogous quantity in an M-point TFT correlation function requires not s k but
integrals. This is consistent with the shifting in the momenta {α i } and the presence of additional 
which turns out to be in perfect agreement with (50) for N = 2. On the one hand, this shows that the Coulomb gas realization above is consistent with the relation between correlators given in (50). On the other hand, this gives the expression for the reflection coefficients of the CFTs defined by (20) , which turns out to be given by the TFT analogous quantity [35] evaluated in the shifted momentum (60). The explicit form of TFT reflection coefficient is such that making the replacing (60) results in the shifting Q T → Q, as expected. This is because the TFT reflection coefficient depends on the momentum 3 through the combination 2α T − Q T .
Remnant affine symmetry 4.1 Remnant symmetry
Let us consider the case n = 3 with deformation parameters m 1 and m 2 . It turns out that, remarkably, in that case the theory (20) results to be invariant under the symmetry generated by the currents
and their anti-holomorphic counterpartsJ
, with the free field correlators
with i, j = 1, 2. It is possible to verify that the OPE between the interaction term of the action (20) and the currents (61) has no singular term up to a total derivatives.
The symmetry algebra is encoded in the singular terms of the OPE between the currents (61). The non-regular OPEs read
and regular otherwise. The coefficients of the central terms of the algebra are given by
where ε 12 = −ε 21 = 1, ε 11 = ε 22 = 0, and i, j, k = 1, 2. Some of these coefficients, however, can be changed by changing the normalization of the currents. In terms of the modes J This can be extended to the sl(n) case, which one can actually verify to be symmetric under the 2n − 2 currents
with k, l = 1, 2, ...n − 1 and where m One could still raise the question as to whether the full W n symmetry is actually broken.
That is, as it happens with conformal symmetry, which is preserved after the introduction of the β-γ system and the shifting δQ in the background charge, one may wonder whether the W n>2 (z) currents do not suffer from similar modifications and still represent a symmetry of the theory. A naive attempt to construct such modified currents would be shifting the background charge contribution in the W 3 (z) current of the sl(3) TFT and adding to it a piece
which indeed yields
where the ellipses stand for quadratic and simple poles, and where
is the correct contribution of the ghost system to the stress-tensor. However, this direct sum proposal can be seen not to work, the reason being the non-linear nature of the W 3 algebra. To the best of our knowledge, there is no evident systematic manner to deform the W n>2 currents and find W -symmetry in the m-deformed CFT. At least in the case of W 3 the question about whether such enhanced W -symmetry exists is motivated by the fact that the theory seems to have too many fields for a current algebra such asÂ 3 ⊕Â 3 . One would expect the CFT to be well defined -at least in the sense of the conformal bootstrap-if it has enough symmetry generators 4 , and therefore it is certainly an interesting question whether the model (20) exhibits larger symmetry.
A related question is the following: Since the m-deformed CFT seems to break the original W n symmetry to Virasoro symmetry, it would be fully defined only after a complete list of Virasoro primaries together with an algorithm to compute their 3-point point functions are
provided. The question arises as to whether the Virasoro primaries considered here form a complete basis or, at least, a sector closed. While equation (24) provides a collection of such primaries whose correlation functions are defined in terms of the TFT observables (50), the spectrum of Virasoro primary operators could be a priori larger, since in the undeformed theory the W n module can be decomposed in multiple W 2 modules. The situation would be somehow more problematic if the theory happens to exhibit full W -symmetry, as in that case it is not sufficient to consider only W n > 2 primaries to fully solve the CFT [27] . This is precisely why providing techniques alternative to the bootstrap, such as the path integral techniques of [8] is important, specially in the case of non-rational CFTs.
Hidden Kac-Moody symmetry
As suggested in [28] , the existence of this hidden symmetry generated byÂ n ⊕Â n , which is a subalgebra ofŝl(3) ⊕ŝl(3), invites to look for a generalization of the deformation (20) that, if supplemented with the additional fields in order to realize the additional generators, happens to exhibit fullŝl(3) ⊕ŝl(3) affine Kac-Moody symmetry. In order to look for such a theory, let us consider the action
4 G.G. thanks Sylvain Ribault for conversations about this point.
which is a deformation similar to the one considered before for the case n = 3 that, apart from the kind of deformation of the type (20) , also includes a shifting in the ghost field β 1 .
The theory defined by action (68) may represent a conformal field theory exhibiting a larger algebra that the one generated by the current (64) above, provided an adequate relation between δ and the fields of the theory is prescribed. For instance, if one introduces a third copy of the β-γ system, by adding to (68) a piece
and considers the deformation δ = −γ 2 β 3 , making the fields (69) to interact, and chooses m 1 = m 2 = 1, for which Q T + δQ = bρ, then one finds that the action (68) exhibits a hidden full sl(3) k ⊕ŝl(3) k affine symmetry with Kac-Moody level k = b −2 + 3 [36, 37] . To see this explicitly, one writes down theŝl(3) currents
together with J + 3 (z) = β 3 and
with b −2 = k − 3, and with the free field correlators φ k (z)φ ℓ (w) ∼ −(1/2)δ k,ℓ log(z − w) and
, now with k, ℓ = 1, 2 and i, j = 1, 2, 3. It is possible to verify that the OPE between these eight currents and the interaction operators
is regular, up to total derivatives. Notice that, excluding the contribution of the third ghost system (69), the currents J [38, 36, 37] . To see this explicitly, consider the WZW action
where k is the WZW level, g(z) is a group valued field on S, g ∈ SL(3, R); S is a 2-dimensional surface that coincides with the boundary of B, i.e. S = ∂B.ĝ(x) is the extension of g(z) in the 3-dimensional ambient B. To parameterize the group element, consider the Jordan-Chevalley
with T it is convenient to define the basisT
The holomorphic conserved currents that generate theŝl(3) affine algebra are
with i = 1, 2, 3 for A = ± and i = 1, 2 for A = 0. The anti-holomorphic currents can be written in a similar manner, withJ(z) = −kg −1∂ g. The simple roots of sl(3) are
with fundamental weights
from which one easily verifies (ω i , e j ) = δ ij and (e 1 , e 1 ) = (e 2 , e 2 ) = 2, (e 1 , e 2 ) = (e 2 , e 1 ) = −1;
the Weyl vector reads ρ = ω 1 + ω 2 = ( √ 2, 0). Plugging this representation in (74), defining the fields β i
(similarly forβ i ), and taking into account quantum corrections that amount to renormalize φ → √ 2bφ, one eventually verifies that the SL(3, R) WZW action (72) takes the form
where c.t. stands for a contact term; more precisely, for a term
In Ref. [21] , a different parameterization of the SL(3, R) elements is considered. Such parameterization leads to a more symmetric form of the action (78), introducing a shift δ also in the last term what makes the two screening operators to look similar. The parameterization we considered here has some advantage for the Coulomb gas computation. The contact term in [21] takes, however, exactly the same form as the one here, namely (79). The same interpretation for such term as the one given in [21] holds here. Then, we observe that, up contact terms, action (78) actually agrees with S {m 1,2 =1;δ=−γ 2 β 3 } + S β 3 γ 3 .
Discussion
In this paper, we have constructed an infinite-dimensional family of two-dimensional conformal field theories that admit Lagrangian representation. These theories consist of particular deformations of sl(n) Toda field theories. Such deformations preserve conformal invariance and deform the full W n symmetry. As a recognition for having being indulgent with the conformal symmetry, we have been left with a remnant infinite-dimensional symmetryÂ n ⊕Â n which, in the particular case n = 3, can be enhanced to fullŝl ( is the aforementioned problem of proving whether or not the deformed theory exhibits hidden W n symmetry. It appears to us that there is no obvious, systematic way of showing this. This could be seen as an obstruction, since the theory seems not to have a symmetry algebra as large as needed to be solved by bootstrap methods. This is precisely why alternative techniques such as the path integral approach of [8] are important, in particular when dealing with non-rational CFTs.
Lastly, it would be interesting to see whether there exists a concrete application of the deformed TFT to study gauge theories via AGT and its generalization. It turns out that the mdeformed theories do offer a potential application within this context, which is the description of defects in the N = 2 superconformal SU(n) quiver theories: According to the Wyllard's generalization of AGT conjecture, the Nekrasov partition function of such SU(n) theories is in correspondence with sl(n) TFT correlation functions. In the case n = 2, it is known how to generalize the correspondence in order to describe not only the partition function but also expectation values of a whole set of surface and loop operators in the gauge theory side [39, 40] . been discussed in [18] for the case n = 2, where it was argued that defects in the N = 2 * SU (2) gauge theory could be associated to a theory with affine symmetry. The affine CFT description of surface operators in N = 2 theories was suggested in [41] . Another possibly related result is that of reference [42] , where, based on previous results [43] for the TFT correlation functions, it was argued how the inclusion of a semi-degenerate primary operator in the TFT 3-point function corresponds in the gauge theory side to a particular Higgsing of the non-Lagrangian theory on S 4 . It would be interesting to make these ideas precise and study the potential applications of these deformed theories within the context of the 2D/4D correspondence.
